The objective ofthis study was to ivett a broad range (1995) Wood preservatives were extensively used in former western Germany. Not only was exterior wood treated for preservation, but paneling and other interior wood structures were treated, an especially popular practice in the 1960s. Wood preservative preparations contained pentachlorophenol (PCP) and y-hexachlorocyclohexane (HCH) as biocidal substances. Wood preservatives were also contaminated with trace amounts of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs, PCDFs), which were formed during production processes. These compounds have the potential to volatilize and become entrained in ambient air or dust particles, thus becoming available for human contact. PCDDs and PCDFs have been found in indoor air of exposed daycare centers at picogram per meter levels, with higher chlorinated congeners such as hexa-, hepta-, and octachlorodibenzo-p-dioxins and furans (HxCDD, HxCDF, HpCDD, HpCDF, OCDD, OCDF) as major contaminants (1) .
No epidemiological study regarding reproductive effects of mixed exposure to PCP, HCH, and PCDDs and PCDFs is available so far. In a case study, 22 of 90 women with histories of multiple spontaneous abortions, unexplained infertility, menstrual disorders, or early onset menopause were found to have elevat blood levels of PCP (>25 pg/l) and/ HCH (>100 pg/1) (2). In women with f tility problems, chlorinated hydrocarbc such as HCH were found in higher cc centrations in follicular fluid and cervi mucus from women who remained inf tile compared to women who ultimat conceived (3) .
Regarding human exposure to PCDI PCDFs, and related compounds duri pregnancy, only a few studies are availal so far. A study on reproductive effects d to the contamination of soil with PCD: and PCDFs in eastern Missouri (n = 3 exposed, n = 772 nonexposed) identifies nonsignificantly increased risk ratio of I for low birthweight (<2500 g) and an av age reduction of 20 g for the offspring mothers living in the vicinity of t exposed areas (4 (14) . No such program existed outside Hamburg. However, communities and church-owned daycare centers on the border of Hamburg also followed this approach. In our sample, PCP concentrations in the wood >100 ppm had been measured in 24 facilities. The control group was working in 35 nonexposed facilities. Not all indoor air measurements were complete for all three components (PCP, HCH, and PCDDs, and PCDFs). In the exposed group the median concentration of PCDDs/PCDFs in toxic equivalency factors for 2,3,7,8-TCDD (TEFs), used by the Federal Health Office in Germany, was 0.5 pg/m3. The PCP concentration was about 0.25 pg/m3, and HCH was about 0.2 pg/m3 (median). The PCDD/PCDF indoor concentration and the PCP concentration in wood were correlated (Spearman r= 0.48, n = 19, p = 0.039), but not indoor PCDD/PCDF and HCH in the wood paneling (Spearman r= -0.31, n = 13, p = 0.28). However, to avoid assumptions about indoor air pollution, a facility was defined in this study as exposed when the wood paneling showed PCP concentrations higher than 100 ppm.
For single pregnancies, exposure to wood preservatives was checked for each time window (uncertainty ±1 month). A pregnancy was defined as being exposed if the employee worked in any of the 24 exposed facilities at any time during her pregnancy.
In a similar way, the values of potential confounders were addressed. Active smoking, alcohol consumption, and exposure to wood preservatives in private homes was checked according to personal history data for each time window of the pregnancy (± 1 month). All pregnancies before or after such risk periods were defined as nonexposed with regard to wood preservatives or the potential confounders. Although some indoor air measurements were available for most occupational facilities, exposure to wood preservatives in daycare centers and in private homes was dichotomized (exposure versus nonexposure). Extrapolation from the measurements in 1986 and 1987, consideration of the duration of exposure in the respective time window (either in months or in weekly working hours), or their combination was assumed to provide less valid information.
For women who smoked during pregnancy, the months of smoking, not the number of cigarettes, were taken into account because the reported number was thought to be less reliable due to social pressures against smoking. For active smokers, the period of smoking in relation to gestational age was computed. The "usual" amount of alcohol consumed was determined by using the frequency of consumption (daily, three to four times a week, one to two times a week, about once a month, never) and the amount of wine/beer or liquor consumed (0.02-0.5 1) and its respective concentration of alcohol. This same amount was used for past alcohol consumption. For periods in which a woman said she drank more, the amount was doubled.
Age of the mother, parity, and gestational age (according to the mother's health card or comparable documents) were controlled for in the analyses. The increase in weight during pregnancy is not linear. The squared values of gestational age show a more appropriate relation and were taken into consideration when evaluating birthweight.
Exposure effects were adjusted for height and weight of the mothers. For both variables measurements taken during [1987] [1988] were used, since no information was available on these measurements before pregnancy.
The analyses were conducted using SAS software (SAS Institute, Cary, North Carolina) and included descriptive information and results of multiple regression analyses on birthweight and birth length (15, 16) . The multivariate normal distribution of the two outcome variables in models, including all predictors, their homoscedasticity, and collinearity of the predictors, was checked.
The 556 observations (pregnancies) contributed by 398 are not independent. Thus, a subgroup including the first exposed pregnancy for women who had at least one exposed pregnancy and the first pregnancy for women who only had unexposed pregnancies, excluding twins, was also analyzed. To take occupational status also into account, regression analyses were conducted in six groups: 1) the total group of observations excluding twins: two outliers in the distribution of birthweights (>6200 g) had to be eliminated to achieve a multivariate normal distribution and one outlier in birth length smaller than 34 cm had to be eliminated; 2) a subgroup in which the weight and length could be validated according to official medical documents (mother's health card); 3) a subgroup consisting of all pregnancies during which the mother was employed for at least 1 month of the pregnancy; 4) a subgroup based on the total group with restriction to first exposed and first nonexposed pregnancy; 5) a subgroup formed by including only those pregnancies of group 2 and group 4; 6) a subgroup formed by including only those pregnancies of group 3 and group 4.
The final model, with all confounders that do not disturb the exposure-weight or exposure-length relation eliminated (17) , is presented for the total group (group 1). Regarding the results of the other subgroups, only the exposure effects controlling for all other confounders are presented.
The two outliers in the analysis of birthweights and the one outlier in birth lengths were excluded for statistical reasons only (no normal distribution of the residuals). Other than the fact that these birthweights (>6200 g) could not be validated from the mother's health card, there is no medical justification to exclude these two outliers (see Fig. 2) . Thus, the analysis was repeated including these outliers with a correction by transforming weights according to Blom (18) . The newborn with the birth length of 27 cm (see Fig. 2 ), however, came from a 22-year-old mother with a severe atopic skin disease, who was under treatment during pregnancy. Thus we did not include this case in the analysis.
Results
Overall, only 49 of 556 pregnancies occurred in the time window of occupational exposure to wood preservatives (Table 1) . Thirty-two exposed and 386 nonexposed pregnancies were carried to full term and resulted in live birth. Restrictions on single first exposed and first unexposed pregnancies reduced the number of exposed pregnancies to 32. Of these, only 27 were first-exposed live births (Table 1) . Exposed pregnancies ended more often as induced abortions, spontaneous abortions, or as cesarean sections (Table 1) .
Two births with twins (2 of 32, 6.3%) led to a higher prevalence of twins in the exposed pregnancies than in the nonexposed. Complications during pregnancies were more frequent in the nonexposed group. Validation of pregnancy data according to medical documents (mother's health card) was possible in more than 80% of exposed and only in about 50% of nonexposed pregnancies (Table 1) . This fact is explained by the introduction of the mother's health card in 1969-1970 and its coincidence with popular use of wood preservatives after 1970. Table 2 shows the rank and outcome of exposed pregnancies which resulted in live births. The 32 live births originated from 29 women. Three women each had two exposed live births. Nine women had both exposed and nonexposed children. Of these, the single first exposed or first nonexposed was taken into consideration for the subgroup of independent observations. Birthweights were reduced by about 150 g in exposed pregnancies taking all observations into account, as well as those restricted to the first exposed pregnancies and the pregnancies for which data could be validated from the mother's health card (Table 3 ). In exposed pregnancies, the babies were also shorter (50 cm in comparison to 52 cm in nonexposed; Table 3 ). Figure 1 shows that the reduction in birthweights cannot be attributed to single outliers, but is due to a general shift in the distribution of the weights. From Figure 2 , it is obvious that weight and length co-scatter. Only one observation (length of 27 cm) seems to be outlying.
Potential confounders were not equally distributed among exposed and nonex- alncludes four pregnancies for which data on birthweight and length are missing.
bGender data are missing for 0.8% of all nonexposed pregancies and for 0.4% of first nonexposed pregancies. (Table 4) . W4 were exposed during pregnancy be older and to have a higher pa were only minor differences fo during pregnancy and for alco sumption. All exposed prc occurred in employed women. E wood preservatives in priva occurred more frequently for exp nancies. Also, the desire for a more prevalent in exposed pregn. For the group including al tions with live births, we estim given exposed birth could hav _I'"Nuild M "'N' "I'll :~WM . (Table 7) . id size, exposed and nonexposed pregnancies. Spearman rank corRecall, however, might affect the infor-)sed, r= 0.70, p= 0.001; exposed, r= 0.52, p = 0.004. mation on smoking and alcohol consumption. Nevertheless, there is no reason to susomen who average 217 g heavier if it had not been pect that a misclassification of these contended to exposed, controlling for necessary confounders is related to exposure (Table 4) .
rity. There founders (Table 5 ). The effect was even The reduction in birth length comlr smoking stronger when the analysis was restricted to pared to birthweight is less impressive in ohol conobservations which were validated by the the five subgroups (Table 7) . However, it egnancies mother's health card (-259 g; Table 6 ) or should be borne in mind that the measure-,xposure to to observations which presented the first ment of the length of a newborn is more te homes exposed or nonexposed pregnancies (-303 dependent on individual techniques than osed pregg; Table 6 ). The association is weaker and weight is. Consequently, measurement child was does not gain statistical significance in the errors are more likely with birth length, ancies. subgroup of women who were employed and thus the chance of detecting an effect 1L observaduring preanancy when two outliers are for this outcome is smaller. iate that a included (p= 0.078). e been on
The birth length of exposed children
In the total group, the effect of exposure could be due to few exposed mothers Environmental Health Perspectives * Volume 103, Number 12 December 1995 bBased on Blom-transformed values to achieve a multivariate normal distribution: y, = T(r, -3/8)I(n + 1/4), with T = inverse cumulative normal (Probit) function, r, = rank, and n = number of nonmissing observations (18) . on gestational age, this would support an adverse effect on the mother in such a way that gestational age and thus birthweight would be reduced. The effect does not manifest itself in a few outliers, but in an average reduction (Fig. 1) . This stresses the assumption that the majority of exposed pregnancies were affected, not just a few sensitive ones.
One limitation of this study is the absence of an indicator of the body burden, Mm ;l2 y t, Abel-Malek Index = f, * 106 * (weight)12 * (height)3-3; fS= 3 for women, 4 for man (14) ; lipids = sum of cholesterol and triglycerides. Explained variance: R2 = 33.1%.
since no individual measurements of PCDDs/PCDFs, PCP, or HCH during or after pregnancy are available. One reason for this is that the pregnancies took place before exposure and potential health effect had been determined. However, measurements of PCP in children from daycare centers exposed to wood preservative before and after removing the wood paneling show a clear reduction of PCP in urine samples from about 17 pg/l to 4 pg/l (19) .
Additionally, few measurements of PCDD/ PCDF in fat samples exist from persons exposed to wood preservatives. The comparison of five findings, which were ascertained by ERGO Forschungsgesellschaft in Hamburg with 33 measurements in an adult group exposed to contaminated soil (20) ascertained by the same laboratory, does not reveal a significant increase in TEFs (21) but significantly higher values for heptaCDD, a congener which is typical for wood preservatives (Fig. 3) . Thus, these additional findings support the assumption that indoor exposure could have increased the body burden of PCP and PCDDs/ PCDFs.
The detrimental effect, however, cannot be attributed to one single group of substances but to three groups: PCP, HCH, or PCDDs/PCDFs. Our findings of an adverse effect seem to confirm previous findings on these compounds (12) (13) . In summary, the results of this study stress the need for future investigation of the effects of wood preservatives and of PCDDs and PCDFs on the development of the fetus, as reduced birthweight is a childhood risk factor for a range of adverse health effects.
